Serra da Estrela Protected Designation of Origin (PDO) cheese is the most famous Portuguese cheese and has a high commercial value. However, the adulteration of production with cheaper/lower-quality milks from non-autochthones ovine breeds compromises the quality of the final product and undervalues the original PDO cheese. A Randomly Amplified Polymorphic DNA (RAPD) method was developed for efficient detection of adulterant breeds in milk mixtures used for fraudulent production of this cheese. Furthermore, Sequence Characterized Amplified Region (SCAR) markers were designed envisioning the detection of milk adulteration in processed dairy foods. The RAPD-SCAR technique is here described, for the first time, to be potentially useful for detection of milk origin in dairy products. In this sense, our findings will play an important role on the valorization of Serra da Estrela cheese, as well as on other high-quality dairy products prone to adulteration, contributing to the further development of the dairy industry.
Introduction
Food safety and quality are nowadays a major concern. Consequently, the improvement and establishment of authentication processes are receiving growing attention (Borràs et al., 2015; Fontanesi, 2010; Kamal & Karoui, 2015; Kumar et al., 2015; Loutfi, Coradeschi, Mani, Shankar, & Rayappan, 2015; Sentandreu & Sentandreu, 2014) mainly concerning superior-quality products that, due to its elevated economic value, are more prone to fraudulent activities, which severely affect the agro-food industry and market.
Serra da Estrela cheese is a Protected Designation of Origin (PDO) cheese and is perceived as a unique high-quality food product. It is legitimately manufactured from raw milk of the autochthonous sheep breed Serra da Estrela; however, mixture of original milk with cheaper and/or low quality milk from other more productive breeds is a common practice that may result in devaluation of the original cheese. Being the most famous Portuguese cheese (Reis & Malcata, 2011) , these adulterations may lead to serious problems at both social and economic levels. These drawbacks, allied to an absence of methods for breed identification on this cheese, create an urgent necessity for robust and reliable analytical techniques that efficiently allow detection of the breed origin of milk in Serra da Estrela PDO cheese.
The discovery that the somatic cells present in milk may be used as source of DNA (Lipkin, Shalom, Khatib, Soller, & Friedmann, 1993) , led to the development of several PCR-based techniques to allow milk origin identification in dairy products, such as Restriction Fragment Length Polymorphism (RFLP) (Abdel-Rahman & Ahmed, 2007; Fontanesi, Beretti, Dall'Olio, Portolano, Matassino & Russo, 2011) , multiplex (Agrimonti, Pirondini, Marmiroli, & Marmiroli, 2015; Bottero et al., 2003; Gonçalves, Pereira, Amorim, & van Asch, 2012) and Real Time PCR (Agrimonti et al., 2015; Ganopoulos, Sakaridis, Argiriou, Madesis, & Tsaftaris, 2013; López-Calleja et al., 2007) . Despite the fact that these techniques have been successfully reported for identification of milk source, the differentiation of milk origin at an intra-species level is still a major challenge (Choy, Oh, & Kang, 2001; Cirillo et al., 2012; Fontanesi, Beretti, Dall'Olio, Portolano, Matassino, & Russo, 2011; Sardina et al., 2015) . Furthermore the lack of genetic information of Portuguese ovine breeds poses as a major obstacle, creating the necessity for more sensitive strategies, directly focused at the Serra da Estrela PDO cheese industry.
Taking this into account, in this work we aimed at the development of an efficient Random Amplified Polymorphic DNA (RAPD) technique for identification of adulterant breeds in milk mixtures used for fraudulent Serra da Estrela PDO cheese production. Additionally, we envisioned the design of robust breed-specific Sequence Characterized Amplified Regions (SCAR) markers to facilitate the origin of milk determination in this product.
Materials and methods

Milk samples and DNA extraction
Four sheep breeds were studied in this work: the autochthonous Serra da Estrela breed, the Portuguese breed Churra do Minho and two breeds, present in Serra da Estrela region, with superior milk productivity and putatively used for adulteration of Serra da Estrela cheese: Assaf, original from Israel; and a crusade of different pollet breeds (Mocha). Milk samples from these breeds were provided by Paulo Rogério Simões Figueiredo, Lda. Genomic DNA was extracted from milk following the protocol described by (López-Calleja et al., 2005) with modifications ( Fig. 1) . Briefly, the somatic cells were obtained from the milk sample by mixing with a clearing solution (0.25 M EDTA, pH 8.0, 0.5% Triton X-100) followed by centrifugation. The cell pellet was incubated overnight in extraction buffer (10 mm Tris-HCl, pH 7.5, 150 mm NaCl, 2 mm EDTA, pH 8.0, and 1% SDS), guanidine hydrochloride, and proteinase K (BIORON). The extraction was performed with Phenol stabilized:Chloroform:Isoamyl Alcohol 25:24:1 (PanReac AppliChem) and the DNA was precipitated from the supernatant with chilled absolute ethanol. The concentration and purity of the total DNA were spectrometrically determined (A 260/280 and A 260/230 ) using a NanoDrop 1000 (Thermo Scientific).
RAPD analysis
The RAPD reaction was performed in 50 ll reaction mixes consisting of 200 ng of genomic DNA, 4 mM MgCl 2 , 1 lM of primer (NZYTech), 0.5 mM dNTP mix, 5% (v/v) dimethyl sulfoxide (DMSO, Roche), NZYTaq buffer and 2.5 U of NZYTaq (NZYTech). The amplification was performed in a Piko TM Thermal Cycler (ThermoScientific) as follows: 95°C for 2 min, 45 cycles of 95°C for 1 min, annealing at 34°C for 1 min and extension at 72°C for 2 min, followed by a final extension step of 72°C for 5 min. The amplification products were loaded on 1.5% agarose gel in Tris-borate-EDTA (TBE) and run in the same buffer for 2.5 h at 100 V.
Cloning and sequencing of adulterant-specific fragment
The adulterant-specific fragment was excised from the agarose gel, purified using the QIAquick Gel Extraction Kit (QIAGEN) and cloned into pGEM-T Easy vector (PROMEGA), according to the supplier's instructions. The transformed bacterial colonies (NZY5alpha Competent Cells, NZYTech) were screened through colony PCR and 5 clones carrying the expected insert were sequenced (GATC Biotech). Database searches of sequences homology were performed using Blast program (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
SCAR design and analysis
SCAR primers were designed for stringent conditions of size (17-28 bp), GC (Guanine-Cytosine) percentage (40-60%) and melting temperature (52-62°C, and less than 5°C of difference within primer pair). Amplification with the Crusade-specific primers was performed in 50 ll reaction mixes consisting of 100 ng of genomic DNA, 3 mM MgCl 2 , 0.1 lM of each primer (NZYTech), 0.5 mM dNTP mix, NZYTaq buffer and 2.5 U of NZYTaq (NZYTech). The construct of pGEM-T Easy vector containing the Crusade-specific fragment (Section 2.3) was used as positive control. The thermocycling program was the same as for RAPD analysis, except for the annealing temperature (63°C) and extension duration (20 s). The PCR products were resolved by electrophoresis on 1.5% agarose gel in TBE for 1 h at 100 V.
Results and discussion
RAPD analysis
RAPD analysis has been successfully used in sheep genetic diversity (Kumar et al., 2008; Qasim et al., 2011) and cattle breed differentiation (Choy et al., 2001 ) studies. In this sense, 26 RAPD primers (Table 1) were selected from these works based on their effectiveness to distinguish breeds. These primers were used to analyze milk samples from Serra da Estrela sheep breed, and from 3 putative adulterants: Churra do Minho, Assaf and Crusade (Table 1 ). The resulting profiles showed that 11 of these primers were capable of producing adulterant-specific patterns (Table 1) , i.e., containing fragments that are present in the RAPD profiles of the adulterants Churra do Minho, Assaf or Crusade, and absent in the profiles obtained from Serra da Estrela breed.
To achieve an easier and fastest identification of adulterants the primers OPA-07 and GLA-19 were selected for further analysis, as they have resulted in amplifications profiles that distinguish each of the adulterants from the Serra da Estrela breed (Table 1, Figs. 2A and 3A) . Amplifications with these two primers have been repeated to check for consistency (Figs. 2B and 3B ), as RAPD analysis has been reported to have low repeatability and reproducibility (Cirillo et al., 2012; Ghazi, Benmechernene, Kihal, & Gurakan, 2013; Khandka, Tuna, Tal, Nejidat, & Golan-Goldhirsh, 1997) . Accordingly, it was observed that some of the presumed adulterant-specific fragments identified in the first analysis ( Figs. 2A and 3A) were absent/fainter or have lost polymorphism in the second amplification (Figs. 2B and 3B ). Taking this into account only the polymorphic bands consistently amplified in both RAPD analysis were considered to be useful for breed/adulterant identification: the 2000 bp Churra do Minho-specific fragment from GLA-19 (MI-G19, Fig. 2B ), the 350 bp Crusade-specific fragment from GLA-19 (CR-G19, Fig. 2B ) and the 1400 bp Assafspecific fragment from OPA-07 (AS-A07, Fig. 3B ).
As the breed origin of milk has been shown to affect the chemical and sensorial characteristics of cheeses (Ferreira, Pinho, & Sampaio, 2009) it is unlikely that fraud in Serra da Estrela cheese production occurs with total replacement of the autochthonous milk with that from adulterant breeds. In this sense, it is important to have a molecular technique capable of identifying adulterant milk in mixture with the original milk. To test the efficacy of GLA-19 and OPA-07 primers to detect adulterant milk in the presence of Serra da Estrela sheep's milk, DNA was extracted from mixtures of milk from the original breed with each of the putative adulterants. Fig. 2C shows that, even in the presence of Serra da Estrela milk, RAPD analysis with primer GLA-19 allows the clear amplification of Minho-and Crusade-specific fragments. However, analysis of these mixtures with the primer OPA-07 have resulted in a less intense and distinguishable Assaf-specific band (Fig. 3C) , disqualifying this primer for efficient identification of Assad breed in milk mixtures.
Regardless of the promising results obtained with GLA-19 in inter-breed comparison (Fig. 2) , when testing this primer for intra-breed consistency the MI-G19 band was not amplified in all the Churra do Minho individuals analyzed (Fig. 4) , showing that this fragment is not representative of this breed. On the other hand, the Crusade-specific band CR-G19 was amplified in all the Crusade individuals tested (Fig. 4) . Additionally, this band was absent in all of the non-Crusade individuals (Fig. 4) , attesting that the CR-G19 fragment is discriminant of this breed.
In spite of the skepticism over reproducibility in RAPD analysis, several studies have shown that after appropriate optimization of the RAPD protocol, reproducible results may be achieved (Blixt, Knutsson, Borch, & Rådström, 2003; Güçlü, Aldem, & Güler, 2004; Perry et al., 2003) . In this context, we suggest that an optimized RAPD analysis, when performed in strictly consistent conditions and focused in fragments with satisfactory repeatability, may be a valuable tool for identification of sheep breed in a first stage of milk authentication in dairy industry. Specifically, we establish the primer GLA-19, when used in the RAPD conditions here described, to be useful for the identification of Crusade breed in milk mixtures. 
SCAR analysis
Despite the fact that RAPD analysis has shown to be successfully used for breed detection in milk samples, it must be taken into account that the milk processing in dairy industry probably results in degradation of DNA on the final product. In fact, we have observed that, in comparison with cheese, milk has a higher content of nuclear DNA, while mitochondrial DNA is more prevalent in cheeses (Fig. S1 in Supplementary data). This fact indicates that, even though nuclear DNA is still present in cheese, it has been partially degraded in the process of cheese production, while the more stable mitochondrial DNA is less affected. Taking this into account, a more specific technique may be needed for efficient breed identification on final products of dairy industry. In this sense, the Crusade-specific fragment CR-G19, showing no homology with Ovis aries sequences from NCBI database, was used for the design of SCAR primers (CR_fw: CAAACGTCCGGTGGTTTCAAGG and CR_rv: TTACAATACTAAAGGCTGCCGACAG) that, being longer and more specific than RAPD primers, may be suitable for cheese analysis. Moreover, its small predicted amplicon, of 244 bp, may offer a further advantage when analyzing products with partially degraded DNA (Chen, Wang, Ge, & Xu, 2005) .
The analysis of DNA from milk of Crusade breed with CR_fw/rv primers yielded a successful PCR amplification (Fig. 5A) , while no amplicons were detected when testing DNA from milk of Serra da Estrela individuals (Fig. 5A) . Additionally, amplification was also observed in DNA from mixture of milk from Crusade and Serra da Estrela breeds (Fig. 5B) . In this way, we suggest these SCAR primers to be suitable for the identification of Crusade breed in the presence of Serra da Estrela milk and to be potentially useful for the detection of adulteration in Serra da Estrela cheese.
Conclusions
A RAPD method has been developed for efficient detection of an adulterant sheep breed in milk mixtures containing Serra da Estrela milk, and on this basis, SCAR markers have been designed, to allow breed identification in processed dairy foods. These methods may contribute to the set-up of a low-cost, reliable, fast and sensitive screening of milk origin in Serra da Estrela PDO cheese production. Additionally, it is, to the extent of our knowledge, the first time that RAPD-SCAR techniques have been applied to milk samples, establishing its applicability for quality control on the dairy industry. In this sense, the described methods will not only play an important role on the valorization of Serra da Estrela sheep breed and its related products, but may also be transferable for authentication of a wide range of dairy products, contributing to the maintenance of their high quality and to the economic development of the associated regional areas. 
